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Abstract 
Fish are known to use vision in many essential behaviors, including foraging, 
intraspecific communication and predator avoidance. Turbidity is one of the many environmental 
factors potentially affecting vision quality. I examined the behavior of interacting conspecific 
fish in varying levels of turbidity to dctennine how this environmental variable affects vision and 
behavior. Experiments were designed to observe how longear sunfish, Lcpomis mcgafotis, 
reacted to visual cues -in this case a conspecific fish in a glass jar - in the presence or absence of 
turbidity. My hypothesis is that sunfish will display territorial behavior when introduced to 
another fish of the same species, so long as it sees the other fish. These behaviors are 
hypothesized to decrease as turbidity increases and thus, visibility is compromised. A single 
sunfish was placed in a tank and allowed to acclimate for 30 minutes. Then, either an empty 
glass jar (negative control) or a jar containing a conspecific fish was added to the tank. Behaviors 
were then observed for 30 minutes in varying levels of turbidity. Turbidity was controlled using 
a circulation pump to stir sediment in the bottom of the tank and measured using a Secchi disk. 
Territorial behaviors such as bumping or head-butting the jar and circling near the other fish 
were observed when the fish interacted with a conspecific in non-turbid trials. Fish in turbidity 
with a conspecific behaved more similarly to fish in negative control trials (empty jar) than to 
fish in clear water with the presence of a conspecific. This suggests that fish do not react to 
conspecifics when exposed to turbidity, most likely because their vision is impaired. My findings 
suggest that visual irnpaim1ent caused by turbidity alters the behavioral interactions between 
conspccifics. potentially affecting territorial distribution and mating habits. 
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Introduction 
Vision is the primary source of sensory infonnation for freshwater fish ( Utne-Palm 2002, 
Ranaker et al. 2012). Like other vertebrates, fish eyes consist of a cornea, lens and retina among 
other structures (Cheney et al. 2013). In fish, the cornea is clear, with a refractive index similar 
to that of water, allowing light to enter the eye but doing little in the way of focusing that light 
(Jobling 1995). The lens is spherical and focuses the light onto the retina by being moved back or 
forward within the eye. The retina receives the focused light and contains photoreceptors - rods 
and cones (Jobling 1995). These photoreceptors allow fish to see color and distinguish light 
intensity within a certain spectral range, much as in other vertebrates (Cheney et al. 2013). 
Fish use vision in many essential behaviors, including intraspecific communication. 
Interactions such as territorial defense, courtship, and identifying heterospecifics are behaviors 
that rely on visual communication (Tricas et al. 2006 ). When visual acuity is compromised, these 
behaviors are expected to change. Turbidity is one of the many environmental factors that affects 
the vision of fish. Previous studies have focused mostly on the relationship between turbidity and 
foraging success. Several studies have established that turbidity most affects the feeding 
efficiency of piscivorous species (De Robertis et al. 2003, Nurminen ct al. 2010, Ranaker et al. 
2012, Higham et al. 2015). This is likely because piscivores feed visually and rely primarily on 
size, pigmentation and motion to identify prey ( Utne-Palrn 2002, De Robertis et al. 2003). 
Piscivorous species are thus good candidate species to study the effects of turbidity on the visual 
acuity of fish, since they are the most negatively affected. The longear sunfish, Lcpomis 
mcgalotis (Rafinesque, 1920), was chosen for this study. Not only is L. mcgalotis a piscivorous 
species, they are also abundant throughout Midwestern streams (Thompson 1985). This species 
also displays bright coloration, suggesting that vision is a key sense for longcar sunfish. 
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Pigmentation is commonly used in sexual selection to attract mates, and is often associated with 
physiological trade-offs involved in producing said pigments (Clotfelter et al. 2007). Therefore, 
it stands to reason that an individual investing resources in the production of coloration gains 
improved evolutionary fitness in return. Females are thought to prefer brightly colored males, 
since the presence of abundant carotenoids in the pigmentation is normally correlated with fish 
condition (Clotfelter et al. 2007). In longear sunfish, females choose males in a clumped, 
polygamous mating system (Jennings and Philipp 1992). Males prepare and defend nests prior to 
spawning. Females then choose a mate from among the nesting colony (Thompson 1985). As in 
other sunfish, male longear sunfish are responsible for parental care of the eggs (Witt and 
Marzolf 1954). Parental care is of high fitness importance, and it can substantially reduce larvae 
mortality ( Bain and Helfrich 2011 ). Thus, there is an increased incentive for females to choose 
males of superior condition to provide for their young. 
Turbidity can alter habitat visibility for this species and decrease the capacity for mate 
choice and other interspecific behaviors in the wild. In  turbid conditions, suspended particles 
cause light to be scattered, affecting contrast and visibility ( De Robertis et al. 2003 ). Turbidity 
can reduce horizontal visibility from meters down to the centimeter range (Utne-Palm 2002). 
This change dramatically impacts the ability of aquatic organisms to detect prey and predators 
( Higham et al. 2015, Figueiredo et al. 2016 ). Previous studies have established the influence of 
turbidity on predator-prey interactions. However, little is known about how reduced visibility 
affects behavioral communication between individuals. Most previous behavioral studies were 
carried out in clear water, eliminating this common environmental factor. Including turbidity is 
vital, since it is likely that turbidity negatively impacts the ability of fish to identify and interact 
with other fish. Fish have specifically been reported to rely on vision to recognize conspecifics 
( Ingle 1967, Tricas et al. 2006). Vision has also been linked to social interactions relating to 
community ecology (Tricas et al. 2006). Small changes in turbidity have been seen to cause 
changes in community structure of some fish species ( Utne-Palm 2002). This often-overlooked 
variable is one of the many factors to consider when studying ideal conditions for longear 
sunfish, particularly as it pertains to stream restoration ( Fava ta 2016 ). 
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The goal of my study is to seek a better understanding of the effects of abiotic factors in 
vision-based fish interactions. I tested how turbidity impacts vision through the assessment of 
conspecific interactions between longcar sunfish. Studies have shown that when conspecifics are 
introduced to one another in a neutral environment for the first time, aggressive behaviors often 
ensue ( Reebs 2008). I investigated how vision is affected by turbidity by scoring behaviors 
between conspecifics in turbid and non-turbid environments. As turbidity increases, I 
hypothesized that aggressive behaviors will decrease when the fish is no longer able to see the 
conspeci fi c. 
Methods 
Study Animals 
Six focal longear sunfish (Lcpomis mega/otis) and two intruder fish were collected from 
Kickapoo Creek and housed in the biomechanics lab at Eastern Illinois University for testing. 
Fish were housed in a 140 L glass aquarium in a 12 h:12 h, light:dark cycle with clear water. 
Fish were housed at l 8°C± 1°C and fed pellet feed daily. The average body length of focal 
individuals was 10.96±0.38 cm (±standard error). 
Experimental Design of Interactions 
One longear sunfish was added to a 61 cm x 31 cm x 42 cm tank with sediment at the 
bottom. After a 30-minute acclimation period, a jar containing a conspecific intruder fish was 
added to the tank. Behaviors of the focal fish were then recorded for 30 minutes. Two control 
treatments were used - clear water with the presence of conspecific and clear water with the 
presence of jar, but no conspecific (Figure 1 ). Turbidity treatments were created using a 
circulation pump to agitate the sediment at the bottom of the tank before the beginning of the 
experiment. Behaviors of the focal fish towards the intruder in turbidity were recorded for 30 
minutes. Turbidity was measured lengthwise along the tank, using a Secchi disk with a diameter 
of 4.0 cm. Turbidity was measured at a range of 46.1-53. 7 cm from the left tank wall. This 
indicates a 1.16% turbidity decay over the course of a 30-minute trial. Similar turbidity decays 
have been reported as experimentally acceptable (Figueiredo et al. 2016 ). Each fish was used 
once for each treatment to avoid learning behaviors and individual effects, and the order of each 
treatment was randomized. The amount of time spent in each behavior was recorded throughout 
the 30-minute trial. 
Field Sampling 
Sampling was conducted in the Wabash River by Cassi Moody and the Colombo Lab. 
Sampling took place monthly along the river from March to October 2010 through 2014. It 
consisted of 15-minute shocking efforts using DC electrofishing. Individuals were identified, 
measured, weighted and returned to the wild. Capture per unit effort (CPUE) was recorded for 
longear sunfish along with two important environmental variables: visibility measured with a 




The most common focal fish behaviors were recorded and characterized into ten specific 
behaviors, which were also described (Table 1, Figure 2). The times spent in each behavior were 
then calculated as a percentage of the trial. Percentages of time spent in each behavior were then 
compared between the two controls and turbidity trials. Analyses of variance (ANOVA) were 
run on the different behaviors between the three treatments. Post-hoc comparison tests were run 
for all of the significantly different behaviors using a Tukey test. 
Capture per unit effort data from the Wabash River were provided by Cassi Moody and 
the Colombo lab. Linear regression analyses were performed on conductivity and turbidity 
parameters and between CPUE and visibility. In addition, mature and immature individuals were 
separated based on length. Fish were considered mature at 60 cm (Jennings and Philipp 1992). 
Fish length for mature and immature fish was also re6>ressed on visibility. Fish were binned in 5 
ft Secchi ranges to determine frequency distribution by visibility for both mature and immature 
fish. 
Results 
In control trials with a conspecific, a variety of aggressive behaviors were displayed by 
the focal fish ( Figure 3). These aggressive behaviors included lateral display, facing the jar, 
being still in the jar area, swimming in the jar area, circling the jar, swimming in laps and head­
butting objects near the jar. During turbidity trials, there was a decrease in aggressive behaviors, 
marked by more time spent in neutral behaviors such as head-butting objects away from the jar, 
general swimming, and being still away from the jar. One behavior, head-butt near the jar, was 
significantly different between treatments of no turbidity in the presence of a conspecific and 
7 
treatments in turbidity with a conspccific. Head-butt near differed (p = 0.04, Table 2, Figures 3 
and 4) between these treatments and was markedly more common in the no turbidity trials. No 
other behaviors were found to be significantly different between treatments. Some behaviors 
were more frequent in no turbidity in the presence of a conspecific trials than in the turbidity 
trials. These behaviors were circling jar, facing jar, general swimming and lateral display (Figure 
3). The control treatment with no fish did not show any different behaviors from the turbidity 
trials. Overall, behavior of the focal fish was more similar between turbidity trials and control 
trials without conspecifics than control trials with conspecifics (Figure 3). 
Data were collected from the wild (Wabash River, IL) regarding turbidity, conductivity 
and fish distribution. Using these data, 1 found that conductivity and visibility arc positively 
correlated (p<0.05, Figure 5). That is, as turbidity decreases and visibility increases, conductivity 
also increases. Data also showed that CPUE tended to increase with increased visibility (Figure 
6 ). When I examined mature and immature fish separately, fish length increased with visibility in 
mature fish, but not in immature fish (mature p<0.05, immature p>0.05, Figure 7). This trend 
was also visible for fish frequency in relation to visibility, although our sample size is probably 
hindering significance (Figure 8). In addition, the slope for mature fish is higher than the slope 
for immature fish for both fish length and number of fish caught (Figures 7 and 8). 
Discussion 
Aggressive interaction between conspecifics has imp01iant social consequences among 
fish (Peake and McGregor 2004, Tricas et al. 2006, Recbs 2008). The winner of a fight or 
interaction is seen as holding more resources and thus being a better mate choice (Peake and 
McGregor 2004, Reebs 2008). Therefore, it is crucial for fish to establish their dominance when 
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introduced to another conspecific (Peake and McGregor 2004). This type of behavior was 
observed in my clear water control trials in which two conspecifics were present. The focal fish, 
which was always larger than the intruder fish, displayed aggression towards the intruder in an 
attempt to subordinate the smaller fish. Common aggressive behaviors involve actions that make 
the fish appear larger in size, to intimidate the opponent (Peake and McGregor 2004 ). Focal fish 
in the lateral display behavior was an example of such an aggressive technique. Another 
common aggressive behavior observed by other researchers involves the rapid approach of 
opponents ( Peake and McGregor 2004). In my trials, swimming in the jar area and facing the jar 
were both behaviors that often included a period of rapid approach of the focal fish. For this 
reason, these behaviors were considered aggressive. Agt,r ession between individuals sometimes 
escalates to a circling phase (Peake and McGregor 2004 ). Since the intruder fish was confined to 
a jar, this particular behavior was not observed, but the focal fish did circle the jar containing the 
intruder, as wel l  as swim laps around the tank or along the tank wal l ,  all of which were 
characterized as aggressive territorial patrolling behaviors. In my study, these behaviors were 
used as an indication of visual acuity. My hypothesis was that if the fish were able to see one 
another, they would engage in aggressive behaviors. A lack of these behaviors would indicate 
compromised visual acuity. 
The use of a jar to contain the intruder fish ensured that interactions were vision based. 
Fish are known to use many avenues of communication, including visual, chemical, 
hydrodynamic and acoustic cues (Giaquinto and Volpato 1997, Tricas ct al. 2006, Windsor et al. 
2008, Ranaker et al. 2012). Since the intruder fish was contained in a jar, no water was shared 
between the two fish, preventing chemical signaling. The glass jar also provided a barrier to 
intercept physical signals such as acoustics or water movement that would be interpreted by the 
lateral line. This allowed me to eliminate the possibility of interactions based on a sense other 
than vision. 
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My data showed that one behavior differed significantly between treatments of no 
turbidity in the presence of a conspecific and treatments in turbidity with a conspecific. The 
behavior was head-butting near the jar, an aggressive behavior. This aggressive behavior was 
observed more frequently in the clear water control with a conspccific than in the turbid trials. 
This suggests that the presence of turbidity altered the environment enough that it effected the 
vision and thercfrxe, the behavior of the focal fish. Several other aggressive behaviors were also 
seen more commonly in control trials with a conspccific than in turbid trials. These behaviors 
were circling jar, facing jar and lateral display. The lack of significance of these behaviors is 
most likely due to the small sample size. With increased sample sizes, I expect several behaviors 
to become statistically significant. The trend in these behaviors supports the conclusion that 
turbidity disrupts the vision of longcar sunfish. 
There were no significantly different behaviors between clear water controls with no 
conspecific and turbidity trials. This shows that the overall behavior of the fish in solitary trials 
was most similar to the behavior in turbidity trials. In other words, the fish in turbidity trials 
behaved much the same as fish who were in a tank with only an empty jar. This indicates that the 
fish in turbidity did not recognize the presence of an intruder, due to compromised vision. 
In the natural environment, turbidity has been recognized as a major threat to diversity in 
aquatic systems (Gray et al. 2011 ). Several anthropogenic practices have contributed to the 
increase of turbidity in natural environments. Practices such as deforestation and development of 
near-shore areas have lead to increased sediment entering streams, raising turbidity (Gray ct al. 
2011 ). This has been observed in local waterways, as deforestation in preparation for agricultural 
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land use is common in the Midwest. About 90% of Illinois' natural wetlands have been lost to 
agricultural clearing and urban development (Skibsted 2012). This loss of natural habitat is 
directly linked to increasing levels of turbidity in the wild. Due to increased erosion from a lack 
of anchoring vegetation, soil is easily washed into waterways. This sediment creates a turbidity 
plume. Turbidity plumes introduced by sudden, heavy rainfall or flooding have been seen to 
travel through water systems for 2-3 days (Chung and Lee 2009). These turbid inflows have also 
been reported to reduce the survival of larval fish ( Matthews 1984). In environments with 
increased turbidity, the larval fish move closer to the water surface in order to find light 
conditions suitable for foraging. At the same time, their food source (zooplankton) moves down 
within the water column to avoid predation, reducing the availability of resources for the fish 
larvae ( Matthews 1984 ). Barge traffic and the use of dams also has the potential to increase 
suspended sediment with deleterious effects, as seen in the Illinois River ( Bayley 1991 ). This 
higher level of turbidity suppresses the gennination and growth of aquatic plants, reducing the 
abundance of essential primary producers ( Bayley 1991) and potentially reducing refuge from 
predators. 
Turbidity may also disrupt the mating behavior of longcar sunfish. In a study on mate 
choice, a reduction of strength in the sexual selection of colorful males was seen between turbid 
and clear water populations ( Maan ct al. 20 I 0, Gray et al. 2011 ). This has potential evolutionary 
consequences for the species, as bright coloration in males is less strongly selected for, but that is 
not the only evolutionary concern. It has been reported that high levels of turbidity lead to 
decreased di vcrsity in a fish population. It has been speculated that a reduction in visual acuity 
caused closely related species to be less reproductively isolated, leading to more hybridization 
(Gray et al. 2011). Hybridization in sunfish species has been widely reported (Avise and 
Saunders 1984, Dawley 1987), including in both Kickapoo Creek and the Wabash River 
(Anabela Maia, pers. comm.). 
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Turbidity not only affects mating behavior by changing the conditions of mate choice, it 
also changes the amount of time spent in reproductive behaviors (Gray et al. 2011 ). With the 
introduction of a turbidity plume, fish were seen to shift their focus from territory defense and 
courting behaviors to foraging behaviors (Gray ct al. 2011 ). This could have been a result of 
suspended particles settling on the substrate, causing fish to seek open water f(x food (Gray et al. 
2011 ). However, my data indicate that this may be a direct result of decreased ability to identify 
conspecifics due deteriorated vision. Overall, increasing turbidity has been associated with a loss 
of fish body condition, possibly related to decreased ability to capture food in fish species that 
depend highly on vision (Gray et al. 2011 ). 
My results suggest that turbidity negatively affects longear sunfish vision and vision 
based behavior. Future work should include additional control trials with a conspecific 
perfonncd in the dark, to reestablish that behaviors arc occurring based on vision. However, my 
data suggest strongly that these behaviors are visually mediated. Related studies are currently 
underway at Eastern Illinois University, exploring color recognition in sunfish. This would 
enable us to further understand conspccific interactions and how mate choice occurs in degraded 
optical conditions. Experiments with more levels of turbidity would also be helpful to identify an 
optimum turbidity level for longear sunfish, which could then be used as a benchmark for habitat 
evaluation and improvement of restoration practices. 
The use of vision in recognizing conspccifics has been well documented in fish species 
(Giaquinto and Volpato 1997, Tricas et al. 2006). However, the effects of turbidity in the 
environment on vision are widely unknown. My study provides some context for the impact of 
turbidity on vision and consequently, vision mediated behaviors. 
References 
12 
Avise, J. C., and N. C. Saunders. 1984. Hybridization and introgression among species of sunfish 
(Lcpomis): analysis by mitochondrial DNA and allozyme markers. Genetics Society of 
America I 08:237-255. 
Bain, M. B., and L. A. Helfrich. 2011. Transactions of the American Fisheries Society Role of 
Male Parental Care in Survival of Larval Bluegills. Transactions of the American Fisheries 
Society 112:47-52. 
Bayley, P. B. 1991. The flood pulse advantage and the restoration of river floodplain systems. 
Regulated Rivers: Research & Management 6:75-86. 
Cheney, K., C. Newp01i, E. McClure, and J. Marshall. 2013. Colour vision and response bias in a 
coral reef fish. The Journal of experimental biology 216:2967-73. 
Chung, S. W., and H. S. Lee. 2009. Characterization and modeling of turbidity density plume 
induced into stratified reservoir by flood runoffs. Water Science and Technology 59:47-55. 
Clotfelter, E. D., D. R. Ardia, and K. J. McGraw. 2007. Red fish, blue fish: Trade-offs between 
pigmentation and immunity in Betta splcndcns. Behavioral Ecology 18: 1139-1145. 
Dawley, R. M. 1987. Hybridization and Polyploidy in a Community of Three Sunfish Species 
(Pisces : Ccntrarchidae). American Society of Ichtyologists and Herpetologists 1987:326-
335. 
Favata, C. A. (2016). Effects of Habitat Alteration on Ecomorphology of Fish Communities in a 
Restored Stream. Master's Thesis. Eastern Illinois University. 
Figueiredo, B. R. S., G. Uei Redo, R. Er, P. Monnul, B. B. C. Hapman, L. Ucas, A. Lolis, L. F. 
Fiori, E. Vanilde, and B. Ito. 2016. Turbidity amplifies the non-lethal effects of predation 
and affects the foraging success of characid fish shoals. Freshwater Biology 61. 
Giaquinto, P. C., and G. L. Volpato. 1997. Chemical communication, agt,r ession, and 
conspecific recognition in the fish Nile tilapia. Physiology and Behavior 62: 1333-1338. 
13 
Gray, S. M., S. Sabbah, and C. W. Hawryshyn. 2011. Experimentally increased turbidity causes 
behavioural shifts in Lake Malawi cichlids. Ecology of Freshwater Fish 20:529-536. 
Higham, T. E., W. J. Stewart, and P. C. Wainwright. 2015. Turbulence, Temperature, and 
Turbidity: The Ecomechanics of Predator-Prey Interactions in Fishes. Integrative and 
Comparative Biology 55:6-20. 
Ingle, D. 1967. Two visual mechanisms underlying the behavior of fish. Psychologische 
Forschung 31 :44-51. 
Jennings, M. J., and D. P. Philipp. 1992. Female choice and male competition in longear sunfish. 
Behavioral Ecology 3:84-94. 
Job ling, M. 1995. Environmental Biology of Fishes. First edition. Chapman & Hall, London, 
England. 
Maan, M. E., 0. Seehausen, and J. J. M. Van Alp hen. 2010. Female mating preferences and male 
coloration covary with water transparency in a Lake Victoria cichlid fish. Biological Journal 
of the Linnean Society 99:398-406. 
This reference is not in your text. Martin J. Jennings, D. P. P. 1992. Reproductive investment 
and somatic growth rates in longear sunfish. Environmental Biology of Fishes 35:257-271. 
Matthews, W. J. 1984. Influence of turbid inflows on vertical distribution of larval shad and 
freshwater drum. Transactions of the American Fisheries Society 113: 192-198. 
Nurminen, L., Z. Pekcan-Hekim, and J. Horppila. 2010. Feeding efficiency of planktivorous 
perch Perea fluviatilis and roach Rutilus rutilus in varying turbidity: an individual-based 
approach. Journal of Fish Biology 76: 1848-1855. 
Peake, T. M., and P. K. McGregor. 2004. Information and aggression in fishes. Learning & 
Behavior 32: 114-21. 
Ranaker, L., P. A. Nilsson, and C. Bronrnark. 2012. Effects of degraded optical conditions on 
behavioural responses to alarm cues in a freshwater fish. PLoS ONE 7: 1-5. 
Reebs, S. G. 2008. Aggression in fishes:l-13. 
14 
De Robertis, A., C. H. Ryer, A. Veloza, and R. D. Brodeur. 2003. Differential effects of turbidity 
on prey consumption of piscivorous and planktivorous fish. Canadian Journal of Fisheries 
and Aquatic Sciences 60: 1517-1526. 
Skibsted, R. 2012. Wabash River Strategic Plan. 
Thompson, P. 1985. Thompson's Guide to Freshwater Fishes. Houghton Mifflin Company, 
Boston, USA. 
Tricas, T. C., S. M. Kajiura, and R. K. Kosaki. 2006. Acoustic communication in territorial 
butterflyfish: test of the sound production hypothesis. Journal of Experimental Biology 
209:4994-5004. 
Utne-Palm, A. C. 2002. Visual feeding of fish in a turbid environment: Physical and behavioural 
aspects. Marine and Freshwater Behaviour and Physiology 35: 111-128. 
Windsor, S. P .. D. Tan, and J.C. Montgomery. 2008. Swimming kinematics and hydrodynamic 
imaging in the blind Mexican cave fish (Astyanax fasciatus). The Journal of experimental 
biology 211 :2950-2959. 
15 
Witt, A., and R. C. Marzolf. 1954. Spawning and Behavior of the Longear Sunfish , Lepomis 
megalotis megalotis Published by : American Society of Ichthyologists and Herpetologists ( 
ASIH ) Stable URL : http://www.jstor.org/stable/1439190 with JSTOR to digitize , preserve 
and extend access t. American Society of Ichtyologists and Herpetologists 1954: 188-190. 
Tables 
Table 1. Behaviors used to assess interaction and visual acuity. 
Behavior: Description: 
Lateral Display Fish orients itself next to the jar, less than a body length away and is still 
Facing Jar Fish faces the jar head on 
Still Jar Area Fish is still in the jar area 
Swim Jar Area Fish swims in the jar area 
Circle Jar Fish swims a circle around the jar 
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Laps Fish swims in a lap, either the back wall of the tank or arow1d the perimeter of the tank 
Head-butt Near Fish bumps head-first into tank walls or jar, repeatedly- near the jar 
Head-butt Away Fish bumps head-first into tank walls or jar, repeatedly- away from the jar 
General 
Swimming 
Still Away from 
Jar 
Fish is swimming the entire area of the tank, disregarding the jar 
Fish is still away from the jar area 
Notes: Jar Area= The area immediately surrounding the jar, one diameter wide in all directions 
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Figure 1. Experimental setup of treatments- including (A) a control with conspecific, (B) a 
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Figure 2. Behaviors associated with interspecific communication. 
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Figure 4. Mean percent time in minutes (+standard eITor) spent in the five most diverging 
behaviors, T =turbidity, W =control with conspecific, WO= control without conspecific. 
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Figure 8. Number oflongear sunfish caught in the Wabash River, IL, per visibility range. Blue 
indicates immature fish; orange indicates mature fish. 
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